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Emission of secondary neutrals and ions 
under energetic ion bombardment
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The most important capabilities of ion sputtering 
based family of analytical techniques 
– surface analysis and depth profiling

Typical mass spectrum Typical depth profile of 
multilayered material
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Analytical Resolution versus Detection Limit

Typical Analysis Depth for Techniques
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O2
+ ion bombardment

Positive secondary ions

Cs+ ion bombardment

Negative secondary ions

The greatest drawback of SIMS - Matrix effects

ionization efficiencies for different elements  
can differ orders of magnitude

even the same elements sputtered from different 
samples have different ionization efficiency

This limits both the accuracy and the sensitivity of analysis
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Desorbed  flux in the volume above the target is a very complex mixture 
of neutrals and ions, which is dominated by the neutral component.

Laser post-ionization SNMS is potentially free 
of the drawbacks of SIMS



Pioneering 
Science and
Technology

Office of Science
U.S. Department 

of Energy

Non-resonant Multi-Photon Ionization 
(MPI)

Universal ionization
Quantification more difficult: hard to 
saturate
Very high intensity lasers required for 
saturation

Resonantly Enhanced Multi-Photon 
Ionization (REMPI)

Single element specific
Quantification (saturation) easier 
Tunable lasers required for resonance 
mode

Single Photon Ionization (SPI)
Photon energy must exceed Ionization 
Potential (IP)
Quantification easier
Resonance (auto-ionizing) regime is 
possible with the new VUV FEL

Photo-ionization regimes
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Periodic Table of Photo-ionization: 

SPI with F2 laser (157.63 nm ∼ 7.866 eV and 157.52 nm ∼ 7.871 eV)
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Periodic Table of Photo-ionization: 

SPI with Conventional Tunable Lasers (≥200 nm ∼ ≤6.2 eV)
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Periodic Table of Photo-ionization: 

REMPI with Conventional Tunable Lasers
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Periodic Table of Photo-ionization: 

SPI with the new VUV FEL (55 nm ÷ 450 nm ∼ 2.75 eV ÷ 22.54 eV)

This is a Universal Ionization!

Atomic number

Ionization 
Potential 

(eV)

Element
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The new VUV FEL with the photon energy tunable up to 22.54 eV and 100 µJ/pulse will 
make possible saturation of the resonance SPI for almost every species!

It Would Be Great If There Was An Instrument That Could Take Full Advantage Of These 
Unique Opportunities…



Pioneering 
Science and
Technology

Office of Science
U.S. Department 

of Energy

We have already built one at the end station of the APS FEL!

First measurements 
with FEL:        

August 2002

Additional F2

laser operational: 
March 2003

VUV optical spectrometer and 
power meters are operational: 

June 2003

SPIRIT – Single Photon Ionization Resonance Ionization to Threshold – is now fully operational 
LPI SNMS instrument with superb analytical capabilities
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The development of this instrument was based on extensive 
computer modeling implementing virtual reality concept

Three-dimensional computer modeling of ion optics aided 
inventions of new ion optical systems. SIMION 3D© software was 
extensively used ion trajectory simulations.

New data processing algorithms for results of ion trajectory 
simulations were developed. These algorithms used data base 
managing principles and distributed parallel computing.

Three-dimensional design of all new components was aided by 
AutoCAD©.

Characterization of analytical capabilities of SPIRIT was 
performed prior to their construction using computer modeling, 
whose accuracy was proven with real LPI SNMS instruments 
operated in our lab.

The INSTRUMENT
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The INSTRUMENT: how it works

Main chamber
Ion optics and detectors  

housing chamber
Reflectron
chamber

Light in (desorbing laser) and 
out (Schwarzshild microscope)

Ions

4.5 m Reflectron mass analyzer 
(Electrostatic mirror)

Extraction 
ion optics

Focusing and deflecting 
lens system
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The INSTRUMENT: what is inside – ion and light optics
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Optical 
Schwarzschild-type 

microscope

Focusing and 
deflecting electrostatic 

lens system

Main 
Detecting 
System 

Low Energy Sputtering 
primary ion beam 
(normal incidence)

Secondary 
electrons 

Analysis primary ion beam 
(60° incidence) 

Ionizing laser light

Secondary 
ions and post-

ionized 
secondary 

neutrals fly  to 
and from the 
Reflectron

The INSTRUMENT: ion optics innovations
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The INSTRUMENT: 

ion optics incorporates high resolution light microscope
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The INSTRUMENT: how it sees the samples under 
the optical Schwarzschild microscope

Air Force test pattern as 
viewed with the new 

Schwarzschild microscope 
after installation.

Line spacing = 2.2 µm.

Line scans show that the 
theoretical resolution of 

0.5 µm is achieved.
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Colutron™ ion source for low 
energy sputtering / ion milling

Atomika™ WF421 ion source for 
routine analysis (“working horse”)

VG™ MIG300 liquid 
metal ion source 
for small feature 
analysis

The INSTRUMENT: 

two more machines identical to SPIRIT in our lab in Building 200 (Chemistry)
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The INSTRUMENT: what it is capable of
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15 keV Ar+ on Mo

Ion current = 1.6 µA

Ion beam pulse width = 200 ns

Ions to Target = 2.0 × 106

Mo Sputter Yield (15 keV Ar+ @ 60º) = 5.4

Atoms Removed = 1.1 × 107
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The most recent experiments aimed at characterization of the useful yield confirmed 

that it is as high as was predicted by computer simulations
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The INSTRUMENT: 
Detection limits in the LPI SNMS operation mode predicted by 

computer simulations

This is true now!
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The INSTRUMENT: 

What can we do with fragment ions?

4.5 m Reflectron mass analyzer 
(Electrostatic mirror)

Extraction 
ion optics

Focusing and deflecting 
lens system


